OBJECTIVES: This study was conceived to compare the results of aortic root replacement using a composite biological valved graft with or without neo-sinuses of Valsalva.
INTRODUCTION
The importance of the recreation of the sinuses of Valsalva (SV) at the time of aortic root replacement is still controversial. In vitro studies and in vivo animal models suggested that the SV can play an important role in determining aortic valve dynamics, coronary flow pattern, transvalvular gradient and energy loss across the valve [1] [2] [3] [4] . It has also been suggested that aortic root replacement with a cylindrically shaped and relatively stiffer synthetic graft could affect the degree of stress and level of strain on the leaflets, altering the durability of the neoaortic valve [5] . Obviously, this hypothesis is of particular relevance in cases where a biological prosthesis or the native aortic valve is reimplanted in the tube graft.
Despite these theoretical concerns, the clinical implications are unknown and in the majority of centres a straight tube is used for aortic root replacement (ARR).
In this study, we compare the early clinical outcome of two propensity-matched cohorts of patients who underwent ARR with a handmade biological composite valved graft realized using either a straight tube or a Tube Graft with neo-SV.
METHODS
This study was approved by the institutional review board of both centres. The need for individual patient consent was waived.
2002 to November 2015. The only exclusion criteria were urgent/ emergent operation.
Results of the imaging follow-up are not the object of the present study.
Preoperative renal insufficiency was defined as a preoperative creatinine level ≥1.5 mg/dl.
End-points
Primary end-points. Operative (30-day) mortality, follow-up death, reoperation on the aortic valve.
Secondary end-points. Incidence of major postoperative complications (myocardial infarction, cerebrovascular accident with permanent deficit, respiratory failure leading to tracheostomy, acute renal insufficiency requiring dialysis, deep sternal wound infection) and a composite index of major postoperative adverse events (MAE) including operative death and the previously described major postoperative complications.
Surgical technique
Surgical treatment was indicated by valvular and aortic pathological criteria according to the established best-practice, ESC/ EACTS and AHA/ACC guidelines.
Details of the surgical techniques used in the two centres have been previously published [6, 7] .
Briefly, all operations were performed using median sternotomy, central cannulation, moderately hypothermic cardiopulmonary bypass (32°C), aortic cross-clamping and myocardial protection with cold antegrade blood cardioplegia. Aortic root replacement was performed using the modified Bentall-DeBono technique [8] .
Handmade biological composite valved grafts were realized by sawing a stent-mounted bovine pericardial xenograft (Edwards Perimount or Perimount RSR, Edwards, Irvine, CA, USA) into a 3-5 mm larger tube graft.
The main differences between the two institutions (and the basis of the present study) was the type of tube graft hosting the stent-mounted bovine pericardial xenograft. In fact per internal protocol at the Department of Cardiothoracic Surgery of the Weill Cornell Medical College, a straight Dacron tube was employed (Macquet Corp., Fairfield, NJ, USA), whereas at the Department of Cardiac Surgery of the European Hospital the choice was a polyester graft with neo-SV (Vascutek® Gelweave Valsalva™ Grafts, Terumo, Inchinnan, Scotland, UK).
Cases where circulatory arrest was used due to concomitant disease of the aortic arch and patients who received associated cardiac or non-cardiac procedures were excluded from the present analysis.
Database, follow-up and data collection
The databases of both Institutions are constantly updated and maintained by a team of clinical information analysts; data collection is validated regularly by means of external and internal control. Preand perioperative variables are entered prospectively during in-hospital stay. Postoperatively, clinical evaluation is performed after 6 months and every year thereafter or in case of additional clinical symptoms suggestive of aortic disease, and data are entered at the time of the follow-up visit. In case of missing/unreliable data, direct interview with the patient, a relative or the treating physician is performed.
Statistical analysis
Data were stored using Microsoft Access 2010 software (Microsoft, Redmond, WA, USA) and analysed using IBM SPSS Statistics version 22 (IBM, Armonk, NY, USA), R version 3.2.0 (R Foundation for Statistical Computing), IBM SPSS Statistics-Essentials for R 22.0, cmprsk package and MatchIt package.
Continuous variables are expressed as mean ± standard deviation except when specified. Data from the study population were compared using χ 2 test for categorical variables and Student's t-test for continuous variables. P ≤ 0.05 was considered statistically significant.
Multivariate analysis for in-hospital MAE and long-term survival were computed to assess for significant demographic and preoperative predictors of such events. The use of the straight tube or the Valsalva graft was tested as a variable in the regression model.
Propensity score matching (PSM) was used to adjust for baseline differences and reduce confounding between groups. The probability of being assigned to different surgical treatment was calculated from demographic and preoperative patients' characteristics; the most clinically important variables were then entered in the PSM model. Propensity scores were generated to be semisaturated. Selected variables were age, gender, family history, preoperative aneurysm status, diabetes, left ventricular ejection fraction, urgent/emergent procedure, hypertension, Marfan syndrome, NYHA class, previous aortic non-root aneurysm, preoperative renal status, previous myocardial infarction, previous open heart surgery, previous revascularization and smoking.
These covariates were utilized to compare the two groups by logistic regression algorithm in 1-1 propensity score matching. Nearest neighbour matching algorithm without replacement and a caliper size of 0.05 was used. Propensity matching models were assessed using balance diagnostics and standardized differences and were confirmed by propensity score histograms with kernel density estimates.
Postoperative survival was assessed using the Kaplan-Meier method. Censoring of patients occurred at the time of their last follow-up. Survival of different groups was compared in pairs by way of log-rank analysis. Actuarial methods were used to illustrate proportion of reintervention. The Gray test was utilized to compare competing risk across groups, and cumulative incidence functions were generated using Fine and Gray methodology.
RESULTS

Generalities overview
During the study period, 421 patients had ARR with a handmade biological composite valved graft at the two Institutions (223 at Weill Cornell Medical College and 198 at the European Hospital). The main pre-and intraoperative characteristics of these patients are summarized in Table 1 .
Most of the cases were men in their seventh decade and in NYHA Class 1 or 2. Significant differences in term of preoperative risk factors were found between the two series: individuals in the Valsalva group were older and with a higher incidence of comorbidities ( peripheral vascular disease, diabetes).
Unmatched cohorts
Overall operative mortality was 0.7% (3/421) without significant differences between the two groups. The type and incidence of MAE are summarized in Table 2 . Atrial fibrillation and reexploration for bleeding were the most common postoperative complications (33.1 and 4.0%, respectively). Stroke, respiratory failure requiring tracheostomy and dialysis requiring new-onset renal insufficiency were the most common MAE (0.7, 0.5 and 0.5%, respectively).
Logistic regression analysis revealed that NYHA Class ≥3 was the only independent predictor of MAE (OR 1.858, CI 1.032-3.342, P = 0.03). The use of the straight tube or the Valsalva graft was not significantly associated with MAE. Separate analysis for patients stratified by age (<40, 41-59 and ≥60 years) revealed no difference in outcome between the different age groups (Supplementary Table 1) .
Mean follow-up in the overall unmatched population was 28.8 months (median 22.6, range 1-125). The Kaplan-Meier survival curves are reported in Fig. 1 . No significant differences between the Valsalva and straight tube group were found.
During the follow-up, 11 patients required reoperation on the aortic valve (2.6%; Fig. 2) . Seven of the cases of reoperation were in the straight tube group (3.1%) and 4 cases were in the Valsalva graft group (4.0%).
Two cases of reoperations were due to prosthetic valve endocarditis. The 9 other cases of reoperation were due to structural valve deterioration (mainly aortic stenosis). The P-value for intergroup comparison was 0.83 when excluding endocarditis cases and 0.54 when including them.
Matched cohorts
The propensity matching process resulted in 105 pairs of patients with almost identical baseline characteristics (Table 3 ; Fig. 3) . Intraoperatively, patients of the Valsalva group received slightly larger grafts.
Details of the in-hospital course of the propensity-matched series are reported in Table 4 . No difference in operative mortality was found between the two groups. The only difference in postoperative outcome was a higher incidence of revision for bleeding in the Valsalva group (P < 0.01). No difference in survival was found between the matched Valsalva and straight tube group (Fig. 4) . The incidence of reoperation was also the same (1/105 in the straight tube vs 1/105 in the Valsalva group, P = NS).
DISCUSSION
In the native aorta, the role played by the SV in regulating smooth and progressive closure of the aortic valve is well known [1, 2] . Early systolic vortex flow patterns forming in the SV are of paramount importance in modulating the movements of the aortic leaflet and ensuring synchronous, homogeneous and stress-free leaflet closure. In addition, experimental and clinical studies have shown that in the absence of SV, the aortic valve opening velocity is altered, implying that the presence of sinuses is also important during systole [1] .
In an echocardiographic comparison of patients who underwent biological ARR using either straight or Valsalva graft, Matsumori and coauthors [9] showed that in the Valsalva cohort both the distensibility of the neo-sinuses and the valve-opening characteristics reliably mimic the native structures and dynamics.
In a similar study using intracoronary Doppler measurements, De Paulis and associates [4] found that during maximal coronary vasodilatation the increase in the systolic component of coronary flow was more prominent in the presence of SV, although there was no difference in the overall coronary flow reserve.
Recent evidence also suggests that the SV play a major role in determining the gradient and energy loss across the aortic valve [3] . It has not been determined what clinical implications these findings may have.
These physiological considerations are of obvious importance in case of valve sparing procedures, but can probably also play a role in case of biological ARR. It is in fact conceivable that perturbations of the regular movements of opening and closure of the bioprosthesis and altered flow dynamics in the aortic root can in some way affect valve durability [5] .
From a purely technical point of view, it has been shown using finite element modelling that the creation of neo-SV during ARR reduces the stress at the coronary button anastomoses, and can potentially reduce the risk of postoperative bleeding [10] . Interestingly in our analysis, the rate of re-exploration for bleeding was lower in the straight tube group than the Valsalva group. Another potential technical advantage is that the presence of the neo-sinuses reduces the need for complete mobilization of the coronary ostia, which is particularly helpful during reoperations. Despite these theoretical advantages, the recreation of the SV is not a standard practice and the straight tube is the graft most commonly used for ARR.
Our study compares the clinical results of two cohorts of patients submitted to replacement of the aortic root with a handmade biological composite valved graft, realized using a straight tube or a tube graft with neo-SV. We used propensity-matched analysis to neutralize the differences in preoperative risk profile between the two series and isolate the effect of the difference in the surgical technique. Our results show that the early clinical outcome is similar using the two different aortic prostheses. Operative mortality, follow-up survival and reoperation rate were in fact similar in patients operated using the straight tube or the Valsalva graft. Our study has some inherent limitations. Although propensity matching allows neutralization of the differences in preoperative characteristics between the two groups, it obviously lacks the rigor and the strength of a randomized controlled study. Moreover, our results are those of two high volume aortic centres with dedicated expertise in aortic root surgery. Our 0.4% operative mortality is clearly lower than the average 4-7% usually reported in the literature for ARR [11] . Given the extremely low rate of adverse events, we cannot exclude that small differences in favour of one of the other technique could have been undetected. Moreover, as our results are limited to the early follow-up, it is possible that some difference between groups become apparent in the longer period.
Furthermore, the fact that the two study institutions exclusively adopted one of the two techniques and that the two groups of patients are from different countries are limitations of our study.
However, the rigorous prospective data collection method, the relative amplitude of the sample size and the almost identical preoperative profile of the propensity-matched groups are strong arguments in favour of the reliability of our observations. Moreover, the fact that the two study institutions are known for their experience with one of the two techniques [6, 7] is likely to have minimized the effect of technical factors on the observed results. Even though our study has no echocardiographic end-points, the evaluation of valve movements and function in case of bioprostheses is less informative than in case of native valves, and the reoperation rate can be regarded as a good marker of severe valve dysfunction.
In conclusion, the early clinical outcome of patients submitted to ARR using a handmade biological composite valved graft is equally good in the presence or absence of the SV. Further investigation and a longer follow-up are necessary to draw definitive conclusion on the argument.
SUPPLEMENTARY MATERIAL
Supplementary material is available at EJCTS online.
